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Abstract
To optimize both grain yield and quality of low-glutelin rice cultivars under N-fertilizer strategies, two-year field experiments 
involving three low-glutelin rice cultivars (W1240, W1721, W025) and an ordinary rice cultivar (H9405) with five N treatments 
were carried out to determine the effects of N application rate and genotype on protein fractions contents and Glutelin/Prol-
amin ratio (Glu/Pro).  The difference of protein fraction concentrations affected by N application rate existed in genotypes. 
Ordinary rice cultivar had a larger increase in glutlein concentration affected by N application rate than low-glutelin rice 
cultivars did.  Glutelin in H9405 had a increase of 30.6 and 41.0% under the N4 treatment (360 kg N ha–1) when compared 
with N0 treatment (no fertilizer N) in 2010 and 2011 respectively, while all the low-glutelin rice cultivars showed relatively 
smaller increases for two years.  Variance analysis showed no significant effect of N application rate on glutelin in W1240 
and W025 while the effects on albumin, globulin and prolamin were significant in low-glutelin rice.  What’s more, N treatment 
had no significant influence on Glu/Pro ratios in low-glutelin rice cultivars while a significant increase in Glu/Pro ratio was 
observed in ordinary rice cultivar.  So low-gultelin rice cultivars showed a different pattern from ordinary rice cultivars when 
influenced by N application rate.
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distinct organelles called protein bodies (PB).  It has been 
shown that the type I protein body (PB-I) stores prolamin, 
whereas the type II protein body (PB-II) mainly contains 
digestible protein glutein (Becthel and Juliano 1980; Tanaka 
et al. 1980).  Rice proteins are of better nutritional quality be-
cause the major of them are glutelins, which are nutritionally 
more important than prolamins due to their greater digestibil-
ity by humans and higher lysine concentration (Cagampang 
et al. 1966; Islam et al. 1996; Zhang et al. 2008).
Kidney disease has already been a common disease 
in the worldwide general population (Levey et al. 2007).  It 
has boosted people’s needs of the rice with low ratios of 
digestible proteins that kidney diseases patient had been 
on a very low protein diet to delay the progression of kidney 
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1. Introduction
Rice grain proteins were empirically classified into albumin, 
globumin, prolamin and glutelin based on their solubility. 
These proteins accumulate in two types of morphologically 
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diseases and the need for renal replacement therapy (Ohta 
et al. 2012).  Low-glutelin rice with low ratios of digestible 
proteins had generally been developed in recent years (Iida 
et al. 2004; Nishimura et al. 2005; Su et al. 2008).  Such 
rice cultivars are anticipated for production of dietary foods 
for patients with kidney disease and passed clinical test and 
verify.  Moreover, they have been examined for brewing 
Japanese sake, because glutelin acidic subunits derive 
bitter-tasting sake peptide (Hashizume et al. 2007).  Thus, 
the composition of rice protein is considered to affect not 
only the function of low-glutelin rice but also sake quality.
Low-glutelin rice faces the problems of lower yield and 
higher market price.  Increasing N fertilizer applications has 
been a major measurement which contributes significantly 
to the rice yield improvement (Guo et al. 2010; Peng et al. 
2010).  In order to obtain higher economic benefits, more 
N fertilizer has been applied. Many studies showed that 
rice grain protein content increase markedly when more 
N fertilizer was applied (Ning et al. 2010; Kim et al. 2013). 
Therefore, N fertilization had a greater effect than genotype 
on the prolamin and glutelin fraction of the rice protein (Lee-
sawatwong et al. 2005; Ning et al. 2010). 
Contrary to ordinary rice, it is extraordinarily necessary 
to control the glutelin contents of rice grain in low-glutelin 
rice cultivars, because higher contents of glutelin fraction 
decrease the quality of dietary foods for kidney disease 
patients and Japanese sake production.  There is a contra-
diction in low-glutelin rice: More N fertilizer applied to obtain 
higher grain yield will lead to a drop in quality of its function.
Ohdaira et al. (2010) reported that the effect of tempera-
ture on the rate of glutelin content was larger in low-glutelin 
rice than in ordinary rice cultivar.  In low-glutelin rice cultivar, 
a decrease in prolamin and an increase in glutelin were 
recognized under high temperature during ripening (Ashi-
da et al. 2013).  Nevertheless, there have been no reports 
on the effect of N fertilizer application rate on the protein 
fractions in low-glutelin rice cultivars.  Whether N fertilizer 
will lead to a damage of function in low-glutelin rice cultivars 
remains unclear.
In the present study, three low-glutelin rice cultivars and 
one ordinary rice cultivar were used and five N application 
rates were applied.  Albumin, globulin, prolamin, and glutelin 
percent contents in polished rice grain were assayed and 
variation characteristic of four protein fractions were ana-
lyzed.  Our aims were to: (1) identify genotypic differences 
between contents of four protein fractions in low-glutelin 
rice and ordinary rice in response to N application rates; 
(2) analyze the difference characteristics among four pro-
tein fractions in low-glutelin rice cultivars under different N 
application rates.
2. Results
2.1. Grain protein fractions in low-glutelin rice and 
ordinary rice 
  
Significant genotypic variations of grain protein content 
among the cultivars existed (Table 1).  Average total protein 
content of low-glutelin rice under the five N treatments was 
significantly lower than that of the ordinary rice H9405 in 
both two years (Tables 2 and 3).  Average albumin fraction 
content did not reach a significant level between low-glutelin 
and ordinary rice cultivars in both years.  However, average 
globulin fraction content was lower in ordinary rice except 
for the cultivar W025 in 2011.  By contrast, prolamin fraction 
content of the ordinary rice H9405 was higher than any of 
the three low-glutelin rice.  Almost the same as prolamin 
fraction, glutelin fraction content of ordinary rice was nearly 
4% higher than that of low-glutelin rice in 2010 and 2011 
(Tables 2 and 3).
2.2. Effect of N application on grain protein fraction 
among different genotypes
Total protein content  Generally, with N level increasing, 
grain protein concentrations increased in both years, being 
the lowest for N0 (no fertilizer N) and the highest for N4 
(360 kg N ha–1).  On average, the total grain protein con-
centration of the four cultivars in N4 increased by 21.7% 
relative to the N0 treatment in 2010, and increased by 23.2% 
Table 1  Analysis of variance of genotype (G) and N effect on grain yield and contents of the four protein fractions in milled rice
Source of variation df Albumin Globulin Prolamin Glutelin Total Glu/Pro
Year (Y) 1 73.613** 3.355 1.738 23.479** 25.870** 18.497**
Genotype (G) 3 19.710** 209.541** 466.225** 879.910** 924.780** 177.139**
N effect (N) 4 31.242** 17.193** 27.031** 25.761** 38.038** 0.871
Y×G 3 2.494 34.780** 36.346** 1.621 3.160* 10.664**
Y×N 4 0.577 0.112 1.022 0.392 0.364 0.499
G×N 12 0.729 0.878 0.869 5.484** 5.286** 1.699
Y×G×N 12 0.701 0.954 0.427 0.701 0.705 0.389
Data presented are mean squares.  * and **, significant at 0.05 and 0.01 probability levels, respectively.
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Table 2  Effects of different N application rates on four protein fractions in milled rice of the four cultivars in 2010 (%)1)
Protein Cultivars N0 N1 N2 N3 N4 Mean
Albumin W1240 0.36±0.004 c 0.37±0.001 c 0.39±0.018 b 0.42±0.012 a 0.43±0.015 a 0.40±0.026
W1721 0.35±0.008 c 0.35±0.002 c 0.38±0.011 b 0.38±0.005 b 0.41±0.005 a 0.37±0.040
W025 0.35±0.006 d 0.38±0.005 c 0.39±0.007 bc 0.41±0.010 b 0.43±0.019 a 0.39±0.025
H9405 0.33±0.042 a 0.35±0.005 a 0.35±0.046 a 0.37±0.006 a 0.39±0.063 a 0.36±0.019
Mean 0.35±0.020 0.36±0.054 0.38±0.178 0.40±1.537 0.42±1.694 0.37±0.677
Globulin W1240 0.46±0.007 b 0.48±0.019 b 0.50±0.046 ab 0.51±0.011 ab 0.53±0.017 a 0.50±0.010
W1721 0.51±0.010 a 0.52±0.020 a 0.54±0.017 a 0.52±0.035 a 0.51±0.051 a 0.52±0.019
W025 0.37±0.062 a 0.36±0.020 a 0.40±0.030 a 0.42±0.005 a 0.42±0.086 a 0.39±0.027
H9405 0.32±0.019 d 0.34±0.017 cd 0.36±0.010 bc 0.38±0.020 ab 0.40±0.016 a 0.36±0.018
Mean 0.42±0.028 0.43±0.063 0.45±0.087 0.46±1.706 0.47±1.836 0.45±0.735
Prolamin W1240 0.57±0.030 b 0.59±0.039 ab 0.63±0.061 ab 0.67±0.077 ab 0.69±0.029 a 0.63±0.027
W1721 0.56±0.048 b 0.58±0.051 b 0.59±0.050 b 0.62±0.091 ab 0.70±0.015 a 0.61±0.059
W025 0.35±0.016 c 0.37±0.021 b 0.38±0.022 b 0.41±0.004 a 0.44±0.021 a 0.39±0.033
H9405 0.64±0.005 b 0.64±0.008 b 0.63±0.052 b 0.70±0.007 a 0.73±0.004 a 0.67±0.036
Mean 0.50±0.031 0.52±0.050 0.54±0.192 0.58±1.962 0.61±2.111 0.55±0.845
Glutelin W1240 3.06±0.223 a 3.25±0.283 a 3.25±0.352 a 3.48±0.352 a 3.60±0.142 a 3.33±0.077
W1721 3.55±0.137 d 3.85±0.185 cd 3.92±0.297 bc 4.18±0.094 ab 4.30±0.048 a 3.96±0.037
W025 3.39±0.219 a 3.52±0.690 a 3.84±0.390 a 3.80±0.091 a 3.87±0.557 a 3.69±0.174
H9405 6.25±0.746 c 7.10±0.607 bc 7.68±0.733 ab 8.28±0.246 a 8.19±0.198 a 7.50±0.965
Mean 4.17±0.028 4.56±0.046 4.80±0.176 5.04±2.132 5.12±2.260 4.74±0.904
Total W1240 4.45±0.189 b 4.70±0.235 ab 4.77±0.365 ab 5.07±0.437 a 5.26±0.141 a 4.85±0.131
W1721 4.97±0.158 c 5.30±0.209 bc 5.43±0.367 b 5.70±0.209 ab 5.92±0.040 a 5.46±0.411
W025 4.45±0.292 a 4.64±0.717 a 5.01±0.364 a 5.04±0.082 a 5.16±0.631 a 4.86±0.254
H9405 7.54±0.766 c 8.42±0.595 bc 9.02±0.747 ab 9.73±0.240 a 9.71±0.222 a 8.89±1.033
Mean 5.43±0.025 5.86±0.049 6.16±0.183 6.46±2.580 6.61±2.710 6.10±1.084
1) N0, no fertilizer N; N1, 90 kg N ha–1; N2, 180 kg N ha–1; N3, 270 kg N ha–1; N4, 360 kg N ha–1.  
Data within a row followed by a different letter are significantly different (P<0.05).  Values are means±SD.  
The same as below.
Table 3  Effects of different N application rates on four protein fractions in milled rice of the four cultivars in 2011 (%)
Protein Cultivars N0 N1 N2 N3 N4 Mean
Albumin W1240 0.35±0.021 b 0.36±0.022 b 0.39±0.022 a 0.40±0.010 a 0.39±0.009 a 0.38±0.026
W1721 0.03±0.006 b 0.30±0.027 b 0.32±0.027 b 0.35±0.041 ab 0.39±0.025 a 0.33±0.040
W025 0.31±0.015 b 0.33±0.016 b 0.35±0.036 ab 0.36±0.015 ab 0.37±0.053 a 0.34±0.025
H9405 0.31±0.027 a 0.30±0.019 a 0.34±0.030 a 0.34±0.018 a 0.34±0.010 a 0.33±0.019
Mean 0.29±0.020 0.30±0.028 0.32±0.031 0.33±0.028 0.34±0.025 0.32±0.677
Globulin W1240 0.46±0.014 a 0.47±0.022 a 0.48±0.008 a 0.48±0.003 a 0.49±0.009 a 0.48±0.010
W1721 0.47±0.009 c 0.49±0.023 bc 0.50±0.015 ab 0.51±0.008 ab 0.52±0.005 a 0.50±0.019
W025 0.35±0.004 b 0.35±0.011 b 0.38±0.006 a 0.40±0.019 a 0.41±0.017 a 0.36±0.027
H9405 0.42±0.032 a 0.42±0.019 a 0.45±0.013 a 0.45±0.028 a 0.46±0.016 a 0.44±0.018
Mean 0.43±0.054 0.43±0.063 0.46±0.050 0.46±0.046 0.47±0.049 0.45±0.735
Prolamin W1240 0.58±0.022 b 0.63±0.019 a 0.64±0.014 a 0.64±0.033 a 0.64±0.003 a 0.63±0.027
W1721 0.49±0.117 b 0.52±0.047 ab 0.55±0.051 ab 0.57±0.041 ab 0.64±0.051 a 0.55±0.059
W025 0.32±0.021 c 0.34±0.012 c 0.35±0.036 bc 0.39±0.020 ab 0.40±0.015 a 0.34±0.033
H9405 0.75±0.017 b 0.78±0.003 ab 0.81±0.030 a 0.81±0.048 a 0.84±0.027 a 0.80±0.036
Mean 0.49±0.178 0.53±0.187 0.55±0.0192 0.56±0.176 0.58±0.183 0.54±0.845
Glutelin W1240 2.98±0.338 a 3.00±0.257 a 3.07±0.260 a 3.10±0.016 a 3.17±0.124 a 3.06±0.077
W1721 3.34±0.102 b 3.56±0.149 ab 3.94±0.434 a 3.99±0.406 a 4.04±0.283 a 3.77±0.307
W025 2.85±0.027 a 3.08±0.176 a 3.14±0.497 a 3.24±0.672 a 3.29±0.375 a 3.12±0.174
H9405 6.10±0.113 d 6.59±0.537 c 7.23±0.283 bc 7.64±0.124 ab 8.60±0.481 a 7.23±0.965
Mean 3.88±1.537 4.21±1.706 4.43±1.962 6.42±2.132 4.87±2.580 4.40±0.904
Total W1240 4.37±0.343 a 4.46±0.205 a 4.58±0.247 a 4.62±0.041 a 4.69±0.124 a 4.55±0.131
W1721 4.60±0.109 c 4.87±0.141 bc 5.31±0.375 ab 5.42±0.351 a 5.59±0.268 a 5.15±0.411
W025 3.83±0.048 a 4.10±0.151 a 4.22±0.497 a 4.39±0.654 a 4.46±0.367 a 4.16±0.254
H9405 7.58±0.166 c 8.09±0.551 c 8.83±0.326 b 9.24±0.193 b 10.24±0.491 a 8.80±1.033
Mean 5.08±1.694 5.47±1.836 5.75±2.111 6.23±2.260 6.26±2.710 5.70±1.084
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in 2011 (Tables 2 and 3).
Genotypic variation in glutelin content  Glutelin fraction 
content was significantly affected by genotype, N application 
rate and their interaction (Table 1).  In order to elaborate the 
effect of N application rate on grain protein fraction content, 
relative increase percentage of protein content was showed 
in Figs. 1 and 2.  Relative increase percentage of protein 
content is the percentage of increased protein fraction con-
tent compared with that of N0 treatment.  Low-glutelin rice 
cultivars showed a smaller increase in glutelin concentration 
affected by N application rate than ordinary rice cultivar. 
Relative increase percentage of H9405 glutelin content is 
30.6 and 41.0% in 2010 and 2011, respectively, under N4 
treatment (Figs. 1 and 2) and significant differences existed 
among different N treatments (Tables 2 and 3).  However, the 
increases in W1240 and W025 were only 12.1 and 14.8%, 
respectively, for two years (Figs. 1 and 2) and no significant 
influence was detected (Tables 2 and 3).  Moreover, when 
compared with N0 treatment, the increasing extent of glutelin 
fraction in low-glutelin rice W1721 was larger than W1240 
and W025 but smaller than H9405 (Figs. 1 and 2).
Different characteristics of four protein fraction  There 
was distinct difference of the characteristics of protein 
fractions in response to N treatments among genotypic 
cultivars.  Variance analysis showed no significant effect of 
N application rate on glutelin in W1240 and W025, where-
as it was significant on albumin, globulin and prolamin.  In 
ordinary rice H9405, it showed no significant differences in 
albumin influenced by N application rate in both 2010 and 
2011 (Tables 2 and 3).  Relative increase percentage of 
protein content (Figs. 1 and 2) showed that globulin fraction 
content in low-glutelin rice cultivars increased slightly under 
high N treatments compared with N0 treatment in both 2010 
and 2011.  Nevertheless, in ordinary rice cultivar it had a 
large increase, which is only the second to glutelin fraction 
in 2010.  What’s more, prolamin, one of the main storage 
proteins in rice seed, was more sensitive to N application 
rate in comparison with glutelin in low-glutelin rice cultivars 
W1240, W1721 and W025, while it showed a more stable 
tendency than glutelin in ordinary rice.  Prolamin fraction 
in H9405 increased by about 13.5% under N4 treatment 
compared with N0 treatment.  However, three low-glutelin 
rice cultivars witnessed an average of 22.4 and 25.3% in 
2010 and 2011, respectively (Figs. 1 and 2). 
Genotypic variation in Glu/Pro  N application rate showed 
different effects on Glu/Pro between low-glutelin rice and 
ordinary rice.  N treatment did not have significant influence 
on Glu/Pro ratio in low-glutelin rice cultivars (Table 4).  In 
contrast, significant differences in Glu/Pro among five N 
treatments were detected in ordinary rice.  Glu/Pro ratio of 
H9405 was 9.79 for N0 and increased by 15.1% to 11.27 
for N4 in 2010, and increased by 24.7% from 8.17 to 10.19 
in 2011 (Table 4).
3. Discussion
3.1. Characteristics of protein fractions content 
influenced by N application rate in low-glutelin rice 
  
Application of N fertilizer is one of the main agronomic prac-
tices in rice production which has a substantial influence on 
both yield and quality.  Thus, qualifying N effect is of great 
Fig. 1  Effects of different N application rates on relative increase percent of protein content in milled rice of the four cultivars in 2010. 
N0, no fertilizer; N1, 90 kg N ha–1; N2, 180 kg N ha–1; N3, 270 kg N ha–1; N4, 360 kg N ha–1.  Bars mean SD.  The same as below. 
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importance for development of N-fertilizer strategies aiming 
at optimizing both grain yield and quality.
Many studies have been conducted to investigate the 
effects of N fertilizer on rice grain protein, which generally 
indicated that grain protein content increased by adding N 
application rate (Leesawatwong et al. 2005).  Previous stud-
ies showed the response of grain proteins to N application 
rate was cultivar dependent, not only for japonica rice and 
indica rice (Islam et al. 1996) but also among cultivars with 
different grain protein concentrations (Borrell et al. 1999; 
Leesawatwong et al. 2005).  In this study, three low-glutelin 
rice cultivars and an ordinary rice cultivar were used to eval-
uate the genotypic variations in grain protein under various 
N treatments.  The results showed substantial differences in 
the effects of N application rate on protein fractions between 
low-glutelin rice and ordinary rice.
It was revealed that prolamin in low-glutelin rice cultivars 
was more sensitive to N application rate than glutelin, while 
in other rice cultivars it was more stable than glutelin.  Fu-
rukawa et al. (2003) reported that low-glutelin rice differed 
from the other cultivars not only in the major storage protein 
composition but also in the distribution of storage proteins 
in endosperm tissues.  Prolamin which accumulates in 
PB-I was widely distributed over the endosperm tissues in 
low-glutelin rice, while in ordinary rice cultivars it is concen-
trated in the outer layers of rice and glutelin is proportion-
ally higher towards the centre of the grain (Leesawatwong 
et al. 2005; Furukawa et al. 2007).  In low-glutelin rice, the 
Table 4  Effects of different N application rates on Glu/Pro in 2010 and 2011
Cultivars N0 N1 N2 N3 N4 Mean
2010
W1240 5.41±0.679 a 5.52±0.784 a 5.21±0.658 a 5.25±0.575 a 5.20±0.271 a 5.32±0.141
W1721 6.41±0.568 a 6.69±0.372 a 6.67±0.302 a 6.78±0.891 a 6.09±0.186 a 6.53±0.264
W025 9.81±0.382 a 9.35±1.295 a 10.12±1.311 a 9.26±0.312 a 8.78±1.040 a 9.46±0.500
H9405 9.79±1.200 b 11.14±1.087 ab 12.18±1.836 b 11.88±0.346 ab 11.27±0.313 ab 11.25±0.904
Mean 7.85±2.300 8.18±2.561 8.55±3.149 8.29±2.926 7.84±2.764 8.14
2011
W1240 5.16±0.404 a 4.76±0.535 a 4.83±0.493 a 4.88±0.254 a 4.95±0.212 a 4.92±0.162
W1721 7.21±2.127 a 6.94±0.716 a 7.26±1.475 a 7.06±1.147 a 6.32±0.612 a 6.96±0.334
W025 8.94±0.527 a 9.03±0.640 a 9.15±2.468 a 8.13±1.492 a 8.28±0.825 a 8.74±0.365
H9405 8.17±0.071 c 8.40±0.699 c 8.92±0.436 bc 9.39±0.418 ab 10.19±0.454 a 9.02±0.810
Mean 7.37±1.633 7.28±1.898 7.54±1.991 7.41±1.938 7.43±2.291 7.41
Data presented are value of glutelin weight/prolamin weight.
Fig. 2  Effects of different N application rates on relative increase percent of protein content in milled rice of the four cultivars in 2011.
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LGC-1 gene confers the low glutelin content phenotype by 
RNA silencing, but it does not affect the increase of prolamin 
content (Kusaba et al. 2003).  The peculiar distribution of 
storage protein in low-glutelin rice, coupled with a different 
biosynthesis of the rice seed storage proteins between 
low-glutelin rice and ordinary rice, perhaps is a cause for 
various performances of glutelin and prolamin fraction be-
tween the two rice cultivar types as answered to different 
N application rates.
3.2. The effect of N application rate on function of 
low-glutelin rice and cooking quality 
Protein is a major factor in determining the texture, pasting 
capacity and sensory characteristics of milled rice.  Analysis 
of the viscosity curve from the rapid visco analyser (RVA) 
demonstrated that proteins influence viscosity curves both 
through binding water and through the agency of a network 
linked by disulphide bonds (Martin and Fitzgerald 2002). 
Prolamin and glutelin are two major storage proteins of 
rice grain.  Baxter et al. (2006) found that the two proteins 
had an opposite effect on pasting and textural properties 
of rice flour, using a model rice system by adding to rice 
starch, prolamin and glutelin in different ratios.  In addition, 
Furukawa et al. (2003) reported that prolamin increased 
the hardness whereas glutelin degraded the appearance of 
cooked rice, further suggesting the important role of proteins 
in determining cooking properties of rice.
The composition of rice protein is also considered to affect 
sake quality.  Amino acids and peptides derived from rice 
proteins are recognized for providing negative effects such 
as coloration and unpleasant tastes when their concentra-
tion is too high (Yoshizawa and Ogawa 2004).  Glutelin is 
hydrolyzed extensively by sake-koji enzyme in sake mash, 
and some glutelin digestion products are thought to have 
a negative effect on sake quality (Iwano et al. 2004).  By 
contrast, PB-I is hardly hydrolyzed, and almost prolamin re-
mains in the sake cake (Kizaki 1999; Furukawa et al. 2000). 
Our results showed that Glu/Pro ratio rose when N 
application rate increased in ordinary rice, which was con-
sistent with previous studies (Ning et al. 2010).  However, 
low-glutelin rice cultivars showed a different result that Glu/
Pro slightly increased at some N levels, but decreased at 
high N levels and was not significantly different among N 
treatments.  These results indicated that N fertilization can 
hardly improve cooking quality of low-glutelin rice cultivars 
by attaining desired levels of certain pasting and textural 
characteristics through targeted breeding programs and 
agronomical practice, compared with ordinary rice.  These 
results also indicated that more N application had no great 
influence on the taste of sake.  Furthermore, the stability of 
glutelin fraction in low-glutelin rice cultivars affected by N 
application rate means that more N fertilizer can be used to 
boost grain yield, but cannot lead to a function degradation 
of low-glutelin rice.
4. Conclusion
Low-gultelin rice cultivars showed a different pattern from 
ordinary rice cultivars when influenced by N application 
rate.  Low-glutelin rice cultivars showed relatively smaller 
increases for two years in glutlein concentration affected by 
N application rate than ordinary rice cultivars did.  Also, no 
significant effect of N application rate on glutelin in W1240 
and W025 while the effects on albumin, globulin and prol-
amin were significant in low-glutelin rice.  What’s more, N 
treatment had no significant influence on Glu/Pro ratios 
in low-glutelin rice cultivars, which is just the opposite in 
ordinary rice cultivars.
5. Materials and methods
The field experiments were conducted at Danyang Baolin 
Farm (southern Jiangsu Province), an experimental station 
of Nanjing Agricultural University in 2010 and 2011.  The soil 
was a yellow soil containing a total N of 1.11 g kg–1, organic 
matter of 21.0 g kg–1, exchanged K of 119 mg kg–1, available 
P of 13.2 mg kg–1, and pH of 6.20 in the profile of 20.0 cm. 
Three low-glutelin rice cultivars W1240, W1721 and 
W025 and an ordinary rice cultivar H9405 were selected for 
use in this study in 2010 and 2011.  Whole growth period of 
the rice cultivars W1240, W1271, W025, and H9405 were 
128, 131, 163, and 148 days, respectively.
The field experiment utilized a split-plot randomized 
complete block design in triplicate.  Main plot treatments 
were five N application rates: N0 (no fertilizer N), N1 
(90 kg N ha–1), N2 (180 kg N ha–1), N3 (270 kg N ha–1), and N4 
(360 kg N ha–1) as urea.  Split-plot treatments were rice 
cultivars. 
The application rates for P and K were the same for all 
treatments, being 100 kg P ha–1 as P2O5 and 100 kg K ha
–1 
as K2O.  The P and K fertilizers and 40% of the N fertilizer 
were incorporated one day before transplanting as basal 
fertilizer, and the remaining N fertilizer was applied, also as 
urea, at the tillering and booting stages of the rice, 40 and 
20% in application, respectively.
Field management was the same as the farmer’s usual 
practices throughout the whole growth stage.  Rice seedlings 
were obtained from plants sown and grown in nursery beds 
for 30 d.  Three 30-d-old rice seedlings were transplanted 
per hill at a density of 30 cm×13.3 cm among hills in the 
field on June 23, 2010 and 2011.
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The protein fraction was separated and analyzed accord-
ing to Luthe (1983).  Four protein fractions were sequentially 
extracted in the order given below by stirring the flour (0.5 g 
flour/25 mL solvent) for 2 h at room temperature in the 
following solvents: albumin, 10 mmol L–1 Tris-HCl, pH 7.5; 
globulin, 1 mol L–1 NaCl, 10 mmol L–1 Tris-HCl, pH 7.5; prol-
amin, 55% (v/v) n-propanol, 10 mmol L–1 Tris-HCl, pH 7.5; 
glutelin, 0.24% CuSO4, 1.68% KOH, 0.5% potassium sodium 
tartrate, and 50% (v/v) iso-propanol.  The glutelin extractant 
is identical to the biuret reagent.  After centrifugation at 
4 000×g for 10 min at room temperature, the contents of the 
first three protein fractions were determined using the Brad-
ford reagent according to Bollag and Edelstein (1990), and 
the glutelin content determined by the biuret method (Holme 
and Peck 1998) by using a calibration curve established  by 
the Kjeldahl method (Holme and Peck 1998).  Total protein 
concentration is calculated as the sum of the four proteins. 
Glutelin/prolamin ratio (Glu/Pro) is calculated as the ratio 
of glutelin and prolamin content.
Grain yield and protein concentration were analyzed with 
standard split-plot analysis of variance techniques.  When 
the analysis of variance showed significant differences 
among treatment, Duncan’s multiple range test was used. 
All data were statistically analyzed with SPSS software (IBM 
SPSS Statistics 20).
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